Bacillus amyloliquefaciens ribonuclease barnase (RNase Ba) is a 12 kD small extracellular ribonuclease. It has broad applications in agriculture, clinical medicine and pharmaceutical, and so on. In this work, the key residues of barnase have been studied using molecular dynamics simulation. The study focuses on analysis the noncovalent intramolecular interaction. In protein design, it is of great utility to determine the interaction of each amino acid residue, in order to identify which sites are indispensable and which can be further optimized. The study may provide relevant information on the evolutionary aspects involved and may help in the design of biomolecules that are functional under different conditions.
INTRODUCTION
Barnase (E.C.3.1.2.7) is an extracellular 110 residue ribonuclease from Bacillus amyloliquefaciens. It has no disulfide bonds and requires no post translational modifications, divalent cations, or other non-peptide components for its function [1, 2] . Due to these favorable features, barnase is active in any cell type in which it is expressed. It has broad application prospects in agriculture, clinical medicine, pharmaceutical, etc., especially its special biological function of resistance to virus and tumor attracts more researcher's attention recently [3] [4] [5] [6] .
As well known, barnase is specifically inhibited by barstar. Barnase and barstar form a noncovalent one-to-one complex, which is one of the tightest known and fastest forming. Barstar inhibits barnase activity by sterically blocking its active site with an -helix and adjacent loop. The complex is stabilized by charge interaction involving the amino acid residues Lys27, Arg59, Arg83 and Arg87 of barnase [7, 8] .
In the study, we aim to address above residues by MD simulation, the major focus on investigating noncovalent interaction of these residues along the unfolding transition. The study provides implications for the understanding of enzyme key residues and the design of enzymes. An better understanding of specific interactions change during the unfolding simulation also allows us to understand more precisely a specific site or critical region.
MD SIMULATIONS
All simulations were performed using the molecular dynamics program NAMD [9] with CHARMM27 [10] force fields. The coordinates for starting configurations Barnase was obtained from the Protein Data Bank (PDB entry codes 1RNB [11] ), which consisted of 110 residues. The protein was solvated in a cubic box consisting of TIP3 water molecules [12] with periodic boundary conditions, and all protein atoms were at a distance equal to 10 Å from the box edges. Electrostatic interactions were calculated using the Particle Mesh Ewald (PME) [13] summation scheme. Van der Waals interactions were calculated with a switching function from 10Å to 12Å. SHAKE method [14] was used for constraining the bonds with hydrogen. The time step of the simulation was 2fs. The Langevin piston Nose-Hoover method [15] was used for constant pressure control of the system at 1atm. The system was subjected to energy minimization for 1000 steps by steepest descents, and subsequently equilibrated for 500ps, then the equilibrated system was subjected to molecular dynamics simulations for 2ns at each temperature.
RESULTS AND DISCUSSION

Protein Structure
Barnase consists of three -helices, five β-sheets and loops. Figure 1 shows the second structure of Barnase (Figure 1(a) ) and the change of barnase backbone structural conformations at different temperatures (Figure 1(b) ). 
Intramolecular Contacts Analysis
SALT BRIDGE
For residues Lys27, Arg83 and Arg87, two salt bridge networks Asp54-Lys27-Glu73 and Arg83-Asp75-Arg87 were identified with VMD software [16] . The locations of two salt bridge networks are shown in Figure 2 . Among three residues, the residue Lys27 is located in the α-helix1, Arg83 is located in loop4 and Arg87 is located in β-sheet3. Figure 3 shows the salt bridge distance as a function of time in different temperature. In dynamic simulation at 300K and 400K, The salt bridge network of Asp54-Lys27-Glu73 was very stable during simulations. When the temperature raise to 500K, the salt bridge of Asp54-Lys27 was maintained within 4Å except for transient separation, while another salt bridge of Lys27-Glu73 only maintained the short distance about 200ps, then they separated from each other clearly.
The other salt bridge network Arg83-Arg87-Asp75 was found also very stable, up to 500K simulation. The salt bridge Asp75-Arg87 is located in the middle of β-sheet2 and β-sheet3, the salt bridge Asp75-Arg83 is located in between β-sheet2 and loop4. Simulation results show that Asp75-Arg87 is more stable than the salt bridge Asp75-Arg83. The presence of salt bridges has stabilized the native state of the protein at elevated temperatures.
HYDROGEN BOND
The occupancy time of hydrogen bonds is calculated at different temperature simulations listed in Table 1 . As shown in table, there is few stable hydrogen bond connection between residues Arg59 and other residues. Similar condition also exists in the amino acid residue Arg83. At the same time, we can find there is mainly a concomitant decrease in occupancy times of hydrogen bond with increase in temperature. Effect of loss is more significant at 500 K temperature simulation. The locations of the hydrogen bonds are given in Figure 4 . It can be seen that there is a hydrogen bond network in the Arg87. Arg87 forms hydrogen bond with main chain of Asn84, main chain of Thr99, and side chain of Hse102.
In summary, we found few stable salt bridge and hydrogen bond connections at residue Arg59. Arg59 is located in the active site region, studies have shown that flexibility is considered as a requirement for reduction of free energy barrier and acceleration of the enzymatic reaction. Structural studies also demonstrate that some degree of flexibility is inevitable for the active site residues to achieve their functions and accommodate the conformational changes which are necessary during the catalytic cycle [17] .
CONCLUSION
We have investigated the barnase key residues of non-covalent interactions by using MD simulations. The results show that amino acid residues Lys27, Arg83 and Arg87 could form stable salt bridges with other amino acid residues. Amino acid residue Arg59 has few stable connection with other residues. Moreover, the results also show that hydrogen bond is sensitive to heat, while salt bridge is comparatively stable. The present study is attempt to gain a deeper understanding of the non-covalent intramolecular interaction conferring the bind sites of barnase-barstar. It may provide relevant information on the evolutionary aspects involved and help to design biotechnological protein to meet different needs.
